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Ñòàíäàðòíûå Ã-îáðàçíûå íîæè ïðè ðàáîòå ïîäâåðãàþòñÿ âîçäåéñòâèþ ðàçëè÷íîãî ðîäà íàãðóçêàì. Ôîðìà ëåç-
âèé Ã-îáðàçíûõ íîæåé íå îòâå÷àåò òðåáîâàíèþ âûïîëíåíèÿ ñêîëüçÿùåãî ðåçàíèÿ, ÷òî ïðèâîäèò ê ïîâûøåíèþ 
ýíåðãîåìêîñòè ôðåçåðîâàíèÿ ïî÷âû. Äëÿ îáåñïå÷åíèÿ îïòèìàëüíûõ óñëîâèé ðåçàíèÿ áåç îáâîëàêèâàíèÿ ñîð-
íÿêàìè è çàáèâàíèÿ íîæåé íåîáõîäèìî, ÷òîáû â ëþáîì ñå÷åíèè ëåçâèÿ (â ïëîñêîñòè âðàùåíèÿ) óãîë åãî óñòà-
íîâêè γ (ðåçàíèÿ) áûë ïîñòîÿíåí. Ïîýòîìó ëåçâèå íîæà ñëåäóåò âûïîëíèòü ïî âèíòîâîé ëèíèè, ÷òî ïîçâîëèò 
îáåñïå÷èòü åãî ïëàâíîå âõîæäåíèå è ñêîëüçÿùåå ðåçàíèå ïðè äâèæåíèè â ïî÷âå. Öåëü èññëåäîâàíèÿ – ïîâû-
øåíèå êà÷åñòâà è ñíèæåíèå ýíåðãîçàòðàò îáðàáîòêè ïî÷âû ïóòåì âûáîðà ðàöèîíàëüíîãî óãëà óñòàíîâêè ëåçâèÿ 
è îïòèìèçàöèè ïàðàìåòðîâ âèíòîâûõ Ã-îáðàçíûõ íîæåé ôðåçû. Äëÿ èçó÷åíèÿ ðàáîòû è ïðîöåññà íàãðóæåíèÿ 
âèíòîâîãî Ã-îáðàçíîãî íîæà ôðåçû èñïîëüçîâàëñÿ ìåòîä êîíå÷íûõ ýëåìåíòîâ èç ïðèêëàäíîé áèáëèîòåêè APM 
FEM ñèñòåìû ÊÎÌÏÀÑ-3D. Êîíñòðóêöèþ íîæà ðàçáèâàëè íà ýëåìåíòû, ÷òîáû ïîêàçàòü èõ ïåðåìåùåíèÿ è 
äåôîðìàöèè ÷åðåç ñìåùåíèÿ ãðàíè÷íûõ òî÷åê (óçëîâ) ýëåìåíòà, çàòåì îïðåäåëÿëè óçëîâûå ñìåùåíèÿ, äåôîð-
ìàöèè è íàïðÿæåíèÿ. Â õîäå èññëåäîâàíèÿ èçó÷àëàñü çàâèñèìîñòü çíà÷åíèé ëèíåéíûõ ïåðåìåùåíèé è âåëè÷èí 
íàïðÿæåíèé â çàâèñèìîñòè îò óãëà óñòàíîâêè ëåçâèÿ íîæà (γ = 35º…60º). Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçàëè, 
÷òî ïðè óâåëè÷åíèè óãëà óñòàíîâêè ëåçâèÿ äî γ = 60º ñóììàðíûå ëèíåéíûå ïåðåìåùåíèÿ óìåíüøèëèñü íà 18 % 
äîñòèãíóâ 0,6978 ìì, ïî ñðàâíåíèþ ñ γ = 35º (0,8455 ìì) ïðè ìàêñèìàëüíîé íàãðóçêå 2000 Í. Íîæ ñ óãëîì 
óñòàíîâêè γ = 60º èìååò çíà÷åíèÿ êîýôôèöèåíòà çàïàñà ïðî÷íîñòè âûøå, ÷åì íîæ ñ γ = 35º ïî âñåì ñòóïåíÿì 
íàãðóçêè (500, 1000, 1500 è 2000 Í). Âèíòîâîé íîæ ñ áîëüøèì óãëîì óñòàíîâêè íàèáîëåå ïðèåìëåì äëÿ ôðå-
çåðîâàíèÿ ïî÷âû ñî ñêîëüæåíèåì, ÷òî õàðàêòåðíî ïðè îáðàáîòêå äåðíèíû. Â ðåçóëüòàòå èññëåäîâàíèÿ ïðåä-
ëîæåíî äëÿ ôðåçåðîâàíèÿ ïî÷âû ñ âûñîêèì êà÷åñòâîì èñïîëüçîâàòü íîæè ñ âèíòîâîé ðàáî÷åé ïîâåðõíîñòüþ. 
Êëþ÷åâûå ñëîâà: ïî÷âîîáðàáàòûâàþùàÿ ôðåçà, íîæ, óãîë óñòàíîâêè ëåçâèÿ, ñêîëüçÿùåå ðåçàíèå, âèíòîâàÿ 
ïîâåðõíîñòü, ýíåðãîåìêîñòü, íàãðóçêà, ïî÷âà. 

During the operation, standard L-shaped knives are exposed to various loads. The shape of the L-shaped knife blades 
does not meet the requirement of performing sliding cutting, which leads to an increase in the energy intensity of 
milling the soil. To ensure optimal cutting conditions without weed-covering and knife blocking, it is necessary that 
in any section of the blade (in the plane of rotation) the angle of its setting γ (cutting) is constant. Therefore, the blade 
of the knife should be made on a screw line, which will ensure its smooth entry and sliding cutting when moving 
in the soil. The purpose of the study is to improve the quality and reduce the energy consumption of soil cultivation 
by selecting a rational angle for installing the blade and optimizing the parameters of the screwed L-shaped cutter 
blades. To study the work and the loading process of the screw L-shaped cutter knife, the finite element method was 
used from the APM FEM application library of the KOMPAS-3D system. The design of the knife was broken into 
elements to show their movements and deformations through the displacements of the boundary points (knots) of the 
element, then the nodal displacements, deformations and stresses were determined. In the course of the study, the 
dependence of the values of linear displacements and stress values was studied depending on the angle of installation 
of the knife blade (γ = 35º ... 60º). The results of the study showed that as the angle of the blade was increased to 
γ = 60 °, the total linear displacements decreased by 18 % reaching 0,6978 mm, compared to γ = 35 ° (0,8455 mm) 
at a maximum load of 2000 N. The knife with an installation angle γ = 60º has safety factor values higher than a knife 
with γ = 35º for all load stages (500, 1000, 1500 and 2000 N). The screw knife with a large installation angle is most 
suitable for milling soil with slip, which is typical for sod processing. As a result of the research it was proposed to 
use knives with a screw working surface for milling the soil with high quality.
Keywords: tiller, knife, angle of blade installation, sliding cutting, helical surface, energy intensity, load, soil.
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 Ââåäåíèå
Âûáîð ðàöèîíàëüíîãî è ýôôåêòèâíîãî ñïî-

ñîáà îáðàáîòêè ïî÷âû ÿâëÿåòñÿ îñíîâîé äëÿ 
îáåñïå÷åíèÿ ýíåðãîñáåðåãàþùèõ òåõíîëîãèé 
ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà. Îäíó èç 
âåäóùèõ ðîëåé â ýòîì ïðîöåññå èãðàåò èñïîëü-
çîâàíèå ôðåçåðíûõ ïî÷âîîáðàáàòûâàþùèõ 
ìàøèí ñ ïðèâîäîì ðàáî÷èõ îðãàíîâ îò âàëà 
îòáîðà ìîùíîñòè òðàêòîðà. Â ñèñòåìå ñîâðå-
ìåííîé ïî÷âîîáðàáîòêè ìàøèíû ñ àêòèâíûìè 
ðàáî÷èìè îðãàíàìè (ôðåçû, áîðîíû) ïîçâîëÿ-
þò íàèáîëåå ïîëíî è ðàöèîíàëüíî èñïîëüçî-
âàòü âåñü äèàïàçîí ìîùíîñòè äâèãàòåëÿ ýíåð-
ãîíàñûùåííûõ òðàêòîðîâ.

Ïî÷âîîáðàáàòûâàþùèå ôðåçû äàâíî çàðå-
êîìåíäîâàëè ñåáÿ ñ ïîëîæèòåëüíîé ñòîðîíû. 
Àíàëèç èññëåäîâàíèé ïîêàçàë ýôôåêòèâíîñòü 
îáðàáîòêè ïî÷âû ýòèìè ìàøèíàìè, â ÷àñòíî-
ñòè òÿæåëûìè ïî ìåõàíè÷åñêîìó ñîñòàâó. Äî-
ñòîèíñòâà ôðåçåðíûõ ìàøèí: õîðîøèå êðîøå-
íèå ïî÷âû, çàäåëêà óäîáðåíèé è ðàñòèòåëüíûõ 
îñòàòêîâ, óíè÷òîæåíèå ñîðíÿêîâ. Â ðåçóëüòàòå 
ïîëó÷àåì óñëîâèÿ äëÿ îïòèìàëüíîãî ðîñòà è 
ðàçâèòèÿ ðàñòåíèé ïóòåì óëó÷øåíèÿ âîäíî-
âîçäóøíîãî è òåïëîâîãî ðåæèìîâ ïî÷âû, åå 
ñòðóêòóðíîñòè. Îäíàêî ôðåçû íå èçáåæàëè íå-
äîñòàòêîâ, êîòîðûå îãðàíè÷èâàþò èõ øèðîêîå 
ïðèìåíåíèå íà ïîëÿõ ñåëüñêîõîçÿéñòâåííûõ 
ïðåäïðèÿòèé. Ê íèì ìîæíî îòíåñòè: áîëüøîé 
âåñ, íåäîñòàòî÷íàÿ íàäåæíîñòü îòäåëüíûõ 
óçëîâ êîíñòðóêöèè, âûñîêîå çíà÷åíèå ýíåðãî-
åìêîñòè ïðîöåññà ôðåçåðîâàíèÿ ïî÷âû [1].

Ôðåçû êîìïëåêòóþòñÿ íîæàìè ðàçëè÷íîé 
ôîðìû: Ã-îáðàçíûå, ïðÿìûå, èçîãíóòûå, ãå-
ëèêîèäû, ðûõëÿùèå íîæè è äð. Àíàëèç êîí-
ñòðóêòèâíûõ ñõåì è òåõíè÷åñêèõ õàðàêòå-
ðèñòèê ñîâðåìåííûõ ïî÷âîîáðàáàòûâàþùèõ 
ôðåç ïîêàçàë, ÷òî íàèáîëåå ðàñïðîñòðàíåíû 
Ã-îáðàçíûå íîæè, êîòîðûå óíèâåðñàëüíû è íå-
ñëîæíû â èçãîòîâëåíèè. Îäíàêî îíè îòðåçàþò 
ïî÷âåííóþ ñòðóæêó è ïåðåðåçàþò ñîðíÿêè áåç 
óñëîâèÿ ñêîëüæåíèÿ, ÷òî ÷ðåâàòî ïîâûøåíèåì 
ýíåðãîåìêîñòè è çàáèâàíèåì ðàñòèòåëüíîñòüþ. 
Ïðÿìûå íîæè ïðè âõîäå â ïî÷âó ñîïðèêàñàþò-
ñÿ ñ íåé âñåé äëèíîé ëåçâèÿ, ïðèâîäÿò ê âîç-
íèêíîâåíèþ óäàðíûõ íàïðÿæåíèé â êîíñòðóê-
öèè íîæåé è ýëåìåíòàõ ïðèâîäà ôðåçû [2].

Ãåîìåòðè÷åñêèå ðàçìåðû Ã-îáðàçíûõ íîæåé 
èçìåíÿþòñÿ â øèðîêèõ ïðåäåëàõ, à ôîðìà 
èõ î÷åíü ðàçíîîáðàçíà. Òàê, óãîë ñòðåëîâèä-
íîñòè âåðòèêàëüíîé ñòîéêè 

0
 = 30…90º, ïîä-

ðåçàþùåé ÷àñòè 
0
 = 35…90º, ðàäèóñ çàãèáà 

r = 0,015…0,08 ì; ðåæóùàÿ êðîìêà âåðòèêàëü-

íîé ñòîéêè è ïîäðåçàþùåé ÷àñòè ó íåêîòîðûõ 
òèïîâ ôðåç ïðÿìîëèíåéíàÿ, ó äðóãèõ æå – êðè-
âîëèíåéíàÿ (âèíòîâàÿ â òîì ÷èñëå) [3].

Ïîýòîìó àêòóàëüíîé ÿâëÿåòñÿ çàäà÷à ïîâû-
øåíèÿ òåõíè÷åñêîãî óðîâíÿ ïî÷âîîáðàáàòûâà-
þùèõ ôðåç ñ öåëüþ ñíèæåíèÿ ýíåðãîåìêîñòè 
ïðè âûñîêèõ ïîêàçàòåëÿõ êà÷åñòâà îáðàáîòêè 
ïî÷âû. Â ñòàòüå ðàññìîòðèì âîïðîñû âûáîðà 
è îáîñíîâàíèÿ îïòèìàëüíûõ êîíñòðóêòèâíî-
òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ðàáî÷èõ îðãàíîâ 
(íîæåé) ôðåç. Ýòè ïàðàìåòðû â îñíîâíîì îïðå-
äåëÿþò ýíåðãîçàòðàòû ðàáîòû ôðåçû, êà÷åñòâî 
îáðàáîòêè ïî÷âû è íàãðóçêè â óçëàõ ïðèâîäà.

×òîáû îáåñïå÷èòü ïîñòîÿíñòâî óãëà óñòà-
íîâêè ïëîñêîñòè êðûëà íîæà â ëþáîé òî÷êå 
ëåçâèÿ, ïîëó÷èòü ðîâíîå äíî áîðîçäû è áåçó-
äàðíîå âõîæäåíèå ëåçâèÿ â ïî÷âó (ïðè óñëîâèè 
ñêîëüçÿùåãî ðåçàíèÿ), ëåçâèå íîæà âûïîëíÿåì 
ïî âèíòîâîé ëèíèè. Íîæ ôðåçû, èìåþùèé âèí-
òîâóþ ïîâåðõíîñòü (â çîíå çàãèáà è êðûëà), ïî-
êàçàí íà ðèñ. 1 [4].

Óðàâíåíèÿ âèíòîâîé ëèíèè ðåæóùåé 
êðîìêè äëÿ óêàçàííîãî íîæà èìåþò ñëåäóþ-
ùèé âèä [5]:

  

 
 

sin ;

cos ;

tg ,

x R

y R

z R

    


      
   

  (1)

ãäå  – ïåðåìåííûé óãëîâîé ïàðàìåòð, îïðåäå-
ëÿþùèé âåëè÷èíó óãëà ïîâîðîòà îáðàçóþùåé 
âîêðóã îñè ðîòîðà; R – ðàäèóñ ðîòîðà;  – óãîë 
ïîäúåìà âèíòîâîé ëèíèè;  – óãîë óñòàíîâêè.

Èç óðàâíåíèé (1) ñëåäóåò, ÷òî ðàññòîÿíèå R 
îò ëèíèè ëåçâèÿ íîæà äî îñè áàðàáàíà è óãîë 
åå ïîäúåìà ïîñòîÿííû. Åñëè ëåçâèå íîæà âû-
ïîëíåíî ïî âèíòîâîé ëèíèè, òî óãîë ìåæäó 
êàñàòåëüíîé â ëþáîé òî÷êå ëåçâèÿ íîæà è ïåð-
ïåíäèêóëÿðîì ê ðàäèóñó R â ïëîñêîñòè âðà-
ùåíèÿ âåçäå ïîñòîÿíåí. Ñ èñïîëüçîâàíèåì 
ïðèâåäåííûõ óðàâíåíèé è êîíñòðóêòèâíî-òåõ-
íîëîãè÷åñêèõ ïàðàìåòðîâ ôðåçû ÔÀ-0,76 ñêîí-
ñòðóèðîâàíû è èçãîòîâëåíû íîæè ñ âèíòîâûìè 
ýëåìåíòàìè.

Íåëüçÿ ñîçäàòü êà÷åñòâåííûå è íàäåæíûå 
óçëû è äåòàëè ïî÷âîîáðàáàòûâàþùèõ îðóäèé 
áåç èõ âñåñòîðîííåãî èíæåíåðíîãî àíàëèçà, 
êîòîðûé ñåé÷àñ âûïîëíÿåòñÿ ñ ïîìîùüþ ñîâðå-
ìåííûõ ïðîãðàììíûõ ñðåäñòâ è ñïîñîáñòâóþò 
ïðèíÿòèþ íà åãî îñíîâå ãðàìîòíûõ êîíñòðóê-
òîðñêèõ ðåøåíèé. Ïîä èíæåíåðíûì àíàëèçîì 
ïîíèìàåòñÿ èññëåäîâàíèå íàïðÿæåííî-äåôîð-
ìèðîâàííîãî ñîñòîÿíèÿ ìîäåëåé ïðîåêòèðó-
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åìûõ íîæåé ôðåçåðíûõ ìàøèí, ïîëó÷åíèå èõ 
äèíàìè÷åñêèõ õàðàêòåðèñòèê è õàðàêòåðèñòèê 
óñòîé÷èâîñòè ïðè ïîñòîÿííûõ è ïåðåìåííûõ 
ðåæèìàõ âíåøíåãî íàãðóæåíèÿ.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîâûøåíèå 

êà÷åñòâà è ñíèæåíèå ýíåðãîçàòðàò îáðàáîòêè 
ïî÷âû ïóòåì âûáîðà îïòèìàëüíûõ ïàðàìåòðîâ 
âèíòîâûõ Ã-îáðàçíûõ íîæåé ôðåçû.

Ìàòåðèàëû è ìåòîäû
Çà îáúåêò èññëåäîâàíèÿ âûáðàí âèíòîâîé 

íîæ ôðåçû, çàêðåïëåííûé íà äèñêå ôðåçáàðà-
áàíà. Íîæ ôðåçû âçàèìîäåéñòâóåò ñ îáðàáàòû-
âàåìîé ñðåäîé – ïî÷âîé. Â ïðîöåññå îòðåçàíèÿ 
è äåôîðìàöèè ïî÷âû âîçíèêàþò ðåàêöèè è ìî-
ìåíòû ñîïðîòèâëåíèÿ. Äëÿ èçó÷åíèÿ ïðîöåññà 
íàãðóæåíèÿ íîæà íàèáîëåå ýôôåêòèâíûì ïðè-
áëèæåííûì ìåòîäîì ÿâëÿåòñÿ ìåòîä êîíå÷-
íûõ ýëåìåíòîâ, ñ ó÷åòîì âûáðàííîãî êîíòðî-
ëèðóåìîãî ïàðàìåòðà (óãëà óñòàíîâêè ëåçâèÿ 
íîæà ).

Äëÿ ïîëíîöåííîãî êîíå÷íî-ýëåìåíòíîãî 
àíàëèçà íåîáõîäèìî [6]:

– ïîñòðîèòü ìîäåëü ïðîåêòèðóåìîãî âèíòî-
âîãî íîæà â òðåõìåðíîì ïðîñòðàíñòâå (ðèñ. 2);

– ïðèâåñòè ðàçáèåíèå ìîäåëè íîæà íà êî-
íå÷íûå ýëåìåíòû (ðèñ. 3);

– âûïîëíèòü âåñü êîìïëåêñ íåîáõîäèìûõ 
âû÷èñëåíèé;

– îïðåäåëèòü óçëîâûå ñìåùåíèÿ, äåôîð-
ìàöèè è íàïðÿæåíèÿ â ðàçíûõ îáëàñòÿõ êîí-
ñòðóêöèè âèíòîâîãî íîæà ôðåçû.

Ðèñ. 1. Ã-îáðàçíûé ðàáî÷èé îðãàí ñ âèíòîâîé ïîâåðõíîñòüþ: 
R – ðàäèóñ ðîòîðà;  – óãîë óñòàíîâêè; Â – øèðèíà çàõâàòà ðàáî÷åãî îðãàíà; 

φ – óãîë îáõâàòà ðåæóùåé êðîìêè

Ðèñ. 2. Ìîäåëü âèíòîâîãî íîæà 
â òðåõìåðíîì ïðîñòðàíñòâå

Ðèñ. 3. Ðàçáèåíèå íîæà 
íà êîíå÷íûå ýëåìåíòû â ïðîãðàììå

– âèçóàëèçèðîâàòü ïîëó÷åííûå ðåçóëü-
òàòû è êîððåêòíî èíòåðïðåòèðîâàòü èõ ñ 
öåëüþ ïðèíÿòèÿ ïðàâèëüíûõ êîíñòðóêòîð-
ñêèõ ðåøåíèé.
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Ðåàëèçàöèÿ ìåòîäà êîíå÷íûõ ýëåìåíòîâ çà-
êëþ÷àåòñÿ â ñëåäóþùåì: öåëîñòíàÿ ìîäåëü 
êîíñòðóêöèè âèíòîâîãî íîæà çàìåíÿåòñÿ äèñ-
êðåòíîé ïóòåì ðàçáèåíèÿ åå íà îáëàñòè – êî-
íå÷íûå ýëåìåíòû. Â êàæäîé îáëàñòè ïîâåäåíèå 
ìîäåëè îïèñûâàåòñÿ ñ ïîìîùüþ îòäåëüíîãî 
íàáîðà ôóíêöèé, ïðåäñòàâëÿþùèõ ñîáîé íà-
ïðÿæåíèÿ è ïåðåìåùåíèÿ. Êîíå÷íûå ýëåìåíòû 
ñîåäèíÿþòñÿ óçëàìè. Âçàèìîäåéñòâèå êîíå÷-
íûõ ýëåìåíòîâ äðóã ñ äðóãîì îñóùåñòâëÿåòñÿ 
òîëüêî ÷åðåç óçëû. Êîíå÷íûå ýëåìåíòû, ðàñ-
ïîëîæåííûå îïðåäåëåííûì îáðàçîì, â çàâèñè-
ìîñòè îò êîíñòðóêöèè îáúåêòà, çàêðåïëåííûå 
â ñîîòâåòñòâèè ñ ãðàíè÷íûìè óñëîâèÿìè, ïî-
çâîëÿþò àäåêâàòíî îïèñàòü âñå ìíîãîîáðàçèå 
ìîäåëåé êîíñòðóêöèé è äåòàëåé [6].

Ê êîíå÷íîìó ýëåìåíòó ìîãóò áûòü ïðè-
ëîæåíû âíåøíèå íàãðóçêè (ñîñðåäîòî÷åííûå 
è ðàñïðåäåëåííûå ñèëû è ìîìåíòû), êîòîðûå 
ïðèâîäÿòñÿ ê óçëàì äàííîãî ýëåìåíòà è íîñÿò 
íàçâàíèå óçëîâûõ íàãðóçîê.

Ïðè ðàñ÷åòàõ âèíòîâîãî íîæà ìåòîäîì êî-
íå÷íûõ ýëåìåíòîâ âíà÷àëå îïðåäåëÿþòñÿ ïåðå-
ìåùåíèÿ óçëîâ åãî ìîäåëè. Âåëè÷èíû âíó-
òðåííèõ óñèëèé â ýëåìåíòå ïðîïîðöèîíàëüíû 
ïåðåìåùåíèÿì â óçëàõ ýëåìåíòà. Êîýôôèöèåí-
òîì ïðîïîðöèîíàëüíîñòè âûñòóïàåò êâàäðàòíàÿ 
ìàòðèöà æåñòêîñòè ýëåìåíòà, êîëè÷åñòâî ñòðîê 
êîòîðîé ðàâíî ÷èñëó ñòåïåíåé ñâîáîäû ýëåìåí-
òà (â îáùåì ñëó÷àå ýòî åñòü ïðîèçâåäåíèå ÷èñëà 
ñòåïåíåé ñâîáîäû â óçëå íà ÷èñëî óçëîâ ýëåìåí-
òà). Âñå îñòàëüíûå ïàðàìåòðû êîíå÷íîãî ýëå-
ìåíòà, òàêèå êàê âíóòðåííèå óñèëèÿ, íàïðÿæå-
íèÿ, ïîëå ïåðåìåùåíèé è ò.ï., âû÷èñëÿþòñÿ íà 
îñíîâå åãî óçëîâûõ ïåðåìåùåíèé.

Îñíîâíûìè òèïàìè ïðèìåíÿåìûõ íà ïðàê-
òèêå êîíå÷íûõ ýëåìåíòîâ ÿâëÿþòñÿ: ñòåðæíå-
âûå, ïëàñòèí÷àòûå, îáúåìíûå, ñïåöèàëüíûå 
(òèïà ñîâìåñòíûõ ïåðåìåùåíèé èëè óïðóãèõ 
ñâÿçåé).

 à á

Ðèñ. 4. Âèíòîâûå íîæè ñ óãëàìè 
óñòàíîâêè ëåçâèÿ 35º (à) è 60º (á)

Ðèñ. 5. Ñóììàðíîå ëèíåéíîå ïåðåìåùåíèå 
(Ð = 2000 Í è  = 35º)

Äëÿ ïðîâåäåíèÿ ðàñ÷åòà, ñ ó÷åòîì óñëî-
âèé ðàáîòû íîæà ôðåçåðíîãî êóëüòèâàòî-
ðà, áûëè çàäàíû ñëåäóþùèå ïàðàìåòðû: ìà-
òåðèàë íîæà – ñòàëü 65Ã, ìîäóëü óïðóãîñòè 
Å = 212000 ÌÏà, ìîäóëü ñäâèãà G = 82000 ÌÏà, 
òâåðäîñòü ÍRÑ = 46…52. Òàêæå áûëè çàäàíû 
ãåîìåòðè÷åñêèå ïàðàìåòðû âèíòîâîãî íîæà 
äëÿ ôðåçû ÔÀ-0,76, ïîëó÷åííûå ñ ó÷åòîì òåî-
ðåòè÷åñêèõ èññëåäîâàíèé [7].

Ìàêñèìàëüíàÿ íàãðóçêà Ð âûáèðàëàñü ñ 
ó÷åòîì óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû è 
áûëà ïðèíÿòà çà 2000 Í. Èíòåðâàë èçìåíåíèÿ 
íàãðóçêè – 500 Í. 

Çàêðåïëåíèå íîæà íà äèñêå ïðèíèìàåì 
ñ óãëàìè óñòàíîâêè ëåçâèÿ  = 35º è  = 60º 
(ðèñ. 4). Ðàññìîòðèì íàïðÿæåíèÿ, âîçíèêàþ-
ùèå â ðàáî÷åì îðãàíå ïðè îòðåçàíèè ïî÷âåí-
íîé ñòðóæêè. Äâèæåíèå íîæà â ïî÷âå íîñèò 
ñëîæíûé õàðàêòåð, ïîýòîìó âåëè÷èíó äåôîð-
ìàöèè áóäåì ðàññìàòðèâàòü â íàïðàâëåíèè 
òðåõ îñåé êîîðäèíàò.

Ëèíåéíûå ïåðåìåùåíèÿ (äåôîðìàöèè), 
âîçíèêàþùèå â ðàçëè÷íûõ ýëåìåíòàõ êîí-
ñòðóêöèè âèíòîâîãî íîæà ïðè âîçäåéñòâèè 
ïðèëîæåííûõ íàãðóçîê (Ð = 2000 Í) â çàâèñè-
ìîñòè îò âåëè÷èíû óãëà óñòàíîâêè, ïîêàçàíû 
íà ðèñ. 5 è 6. 

Ðåçóëüòàòû àâòîìàòèçèðîâàííîãî ðàñ÷åòà 
ïåðåìåùåíèé ýëåìåíòîâ êîíñòðóêöèè íîæà 
ñâåäåíû â òàáë. 1.

Íà ðèñ. 7 ïðèâåäåíà çàâèñèìîñòü ëèíåéíûõ 
ïåðåìåùåíèé S îò âåëè÷èíû ïðèëàãàåìîé íà-
ãðóçêè P è âåëè÷èíû óãëà óñòàíîâêè ëåçâèÿ  
ðàáî÷åãî îðãàíà.

Ëèíåéíûå ïåðåìåùåíèÿ èìåþò íàèáîëüøèå 
çíà÷åíèÿ ïî îñè ÎY íà êðûëå íîæà, âûïîëíÿ-
þùåì çàâåðøàþùóþ ÷àñòü ïðîöåññà îòðåçàíèÿ 
ïî÷âåííîé ñòðóæêè. Ñóììàðíûå ëèíåéíûå 
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ïåðåìåùåíèÿ S èìåþò ìåíüøóþ âåëè÷èíó 
(0,6978 ìì) ïðè èñïîëüçîâàíèè íîæà ñ óãëîì 
óñòàíîâêè ëåçâèÿ  = 60º.

Ïðèâåäåì ðàñïðåäåëåíèå âåëè÷èíû êîýô-
ôèöèåíòà çàïàñà ïî ïðî÷íîñòè â ýëåìåíòàõ 
êîíñòðóêöèè íîæà. Çíàíèå âåëè÷èíû êîýô-
ôèöèåíòà çàïàñà ïðî÷íîñòè íåîáõîäèìî äëÿ 
òîãî, ÷òîáû îáåñïå÷èòü áåçîïàñíóþ, íàäåæíóþ 

Ðèñ. 6. Ñóììàðíîå ëèíåéíîå ïåðåìåùåíèå 
(Ð = 2000 Í è γ = 60º)

Ðèñ. 7. Çàâèñèìîñòü ñóììàðíûõ ëèíåéíûõ S 
ïåðåìåùåíèé îò íàãðóçîê Ð è óãëà óñòàíîâêè  

âèíòîâîãî íîæà

Ðèñ. 8. Çíà÷åíèå êîýôôèöèåíòà çàïàñà ïðî÷íîñòè 
(Ð = 2000 Í è  = 35º)

Òàáëèöà 1
Ëèíåéíûå ïåðåìåùåíèÿ (äåôîðìàöèè) ýëåìåíòîâ êîíñòðóêöèè íîæåé ïî îñÿì êîîðäèíàò

Óãîë óñòàíîâêè 
ëåçâèÿ γ

Íàãðóçêà, 
Ð, Í

Ïåðåìåùåíèå 
ïî îñè ÎÕ, ìì

Ïåðåìåùåíèå 
ïî îñè ÎY, ìì

Ïåðåìåùåíèå 
ïî îñè ÎZ, ìì

Ñóììàðíîå
ïåðåìåùåíèå, ìì

60º

500 0,01825 0,1077 0,00162 0,1744

1000 0,03651 0,2154 0,00324 0,3489

1500 0,05474 0,3231 0,00486 0,5231

2000 0,07307 0,4309 0,00648 0,6978

35º

500 0,00198 0,06907 0,00190 0,2113

1000 0,00393 0,1381 0,00381 0,4228

1500 0,00591 0,2072 0,00571 0,6341

2000 0,01787 0,7863 0,00761 0,8455

Ðèñ. 9. Çíà÷åíèå êîýôôèöèåíòà çàïàñà ïðî÷íîñòè 
(Ð = 2000 Í è  = 60º)

ðàáîòó êîíñòðóêöèè è îòäåëüíûõ åå ÷àñòåé, íå-
ñìîòðÿ íà âîçìîæíûå íåáëàãîïðèÿòíûå îòêëî-
íåíèÿ äåéñòâèòåëüíûõ óñëîâèé èõ ðàáîòû îò 
ðàñ÷åòíûõ.

Íà ðèñ. 8 è 9 ïîêàçàíû ðàñïðåäåëåíèÿ êîýô-
ôèöèåíòà çàïàñà ïðî÷íîñòè ïî êîíñòðóêöèè ðà-
áî÷åãî îðãàíà â çàâèñèìîñòè îò ñòåïåíè íàãðóæå-
íèÿ (Ð = 2000 Í) è óãëà óñòàíîâêè ëåçâèÿ íîæà.
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Ðåçóëüòàòû àâòîìàòèçèðîâàííîãî ðàñ÷åòà 
êîýôôèöèåíòà çàïàñà ïðî÷íîñòè êîíñòðóêöèè 
âèíòîâîãî íîæà ñâåäåíû â òàáë. 2.

Îáùèé êîýôôèöèåíò çàïàñà ïðî÷íîñòè (n) 
ðàñ÷ëåíÿåì íà ðÿä ñîñòàâëÿþùèõ, ÷àñòíûõ 
êîýôôèöèåíòîâ çàïàñà ïðî÷íîñòè, êàæäûé èç 
êîòîðûõ îòðàæàåò âëèÿíèå íà ïðî÷íîñòü ýëå-
ìåíòà êîíñòðóêöèè êàêîãî-ëèáî îïðåäåëåííî-
ãî ôàêòîðà èëè ãðóïïû ôàêòîðîâ. Íàïðèìåð, 
îäèí èç êîýôôèöèåíòîâ îòðàæàåò âîçìîæíûå 
îòêëîíåíèÿ ìåõàíè÷åñêèõ õàðàêòåðèñòèê ìà-
òåðèàëà îò ïðèíèìàåìûõ â êà÷åñòâå ðàñ÷åò-
íûõ, äðóãîé – îòêëîíåíèÿ âåëè÷èí äåéñòâóþ-
ùèõ íàãðóçîê îò èõ ðàñ÷åòíûõ çíà÷åíèé è ò.ä.

Íà ðèñ. 10 ïðèâåäåíû çàâèñèìîñòè âåëè÷èíû 
ïðåäåëà ïðî÷íîñòè êîíñòðóêöèè íîæà îò åãî óãëà 
óñòàíîâêè ëåçâèÿ è ñòåïåíè íàãðóçêè íà íåãî.

Äëÿ âèíòîâîãî ðàáî÷åãî îðãàíà ñ óãëîì 
óñòàíîâêè ëåçâèÿ  = 60º çíà÷åíèÿ êîýôôèöè-
åíòà çàïàñà ïðî÷íîñòè âûøå, ÷åì äëÿ íîæà 
ñ  = 35º ïî âñåì ñòóïåíÿì íàãðóçêè (Ð = 500, 
1000, 1500 è 2000 Í). Ñëåäîâàòåëüíî, äëÿ ïðàê-
òè÷åñêîãî ïðèìåíåíèÿ áîëåå ïîäõîäÿùèì ÿâ-
ëÿåòñÿ íîæ ñ óãëîì óñòàíîâêè ëåçâèÿ  = 60º.

Ðåçóëüòàòû è îáñóæäåíèå
Àíàëèç ïîëó÷åííûõ äàííûõ ìîäåëèðîâàíèÿ 

ïðîöåññà íàãðóçêè íîæà ñ âèíòîâîé ïîâåðõíî-
ñòüþ ïîêàçûâàåò, ÷òî ïðè èñïîëüçîâàíèè ðàáî-
÷åãî îðãàíà ñ óãëîì óñòàíîâêè ëåçâèÿ  = 60º 
ëèíåéíûå ïåðåìåùåíèÿ (äåôîðìàöèè) ïî îñÿì 
OX, OY è OZ èìåþò ìåíüøèå çíà÷åíèÿ, ÷åì 
ñ íîæîì, èìåþùèì óãîë óñòàíîâêè  = 35º. Â 
èòîãå, ñóììàðíûå ïåðåìåùåíèÿ íîæà ñ  = 60º 
ñîñòàâèëè íà 18 % ìåíüøå (0,6978 ìì), ÷åì ó 
íîæà ñ  = 35º (0,8455 ìì). 

Àêòèâíûé ðàáî÷èé îðãàí ñ áîëüøèì óãëîì 
óñòàíîâêè ëåçâèÿ ïîêàçàë ëó÷øèå ðåçóëüòàòû 
ïî êîýôôèöèåíòó çàïàñà ïðî÷íîñòè ýëåìåí-
òîâ êîíñòðóêöèè íà âñåõ ñòóïåíÿõ íàãðóæåíèÿ 
(n = 1,36 ïðè Ð = 2000 Í). Âèíòîâîé íîæ ñ  = 35º 
ïîêàçàë ñëåäóþùèé ðåçóëüòàò: n = 1,206 ïðè 
Ð = 2000 Í. Ðàçíèöà ñîñòàâèëà 11,32 %.

Âûâîäû
1. Ïåðåäíþþ ãðàíü ëåçâèÿ Ã-îáðàçíîãî íîæà 

ôðåçåðíîãî êóëüòèâàòîðà ñëåäóåò óñòàíàâëè-
âàòü ïîä îïðåäåëåííûì óãëîì . ×òîáû ñîõðà-
íèòü ýòîò óãîë ïîñòîÿííûì â ïðîöåññå îòðåçà-
íèÿ ïî÷âåííîé ñòðóæêè, ïîëó÷èòü ðîâíîå äíî 
áîðîçäû, îáåñïå÷èòü áåçóäàðíîå âõîæäåíèå 
ëåçâèÿ íîæà â ïî÷âó, åãî íåîáõîäèìî âûïîë-
íèòü ïî âèíòîâîé ëèíèè.

2. Åñëè ëåçâèå íîæà âûïîëíåíî ïî âèíòî-
âîé ëèíèè, òî ðàññòîÿíèå R îò ëèíèè ëåçâèÿ äî 
îñè áàðàáàíà, óãîë åå ïîäúåìà ïîñòîÿííû. Ýòî 
îïðåäåëÿåò óñëîâèå, êîãäà óãîë ìåæäó êàñà-
òåëüíîé â ëþáîé òî÷êå ëåçâèÿ íîæà è ïåðïåí-
äèêóëÿðîì ê ðàäèóñó R â ïëîñêîñòè âðàùåíèÿ 
âåçäå ïîñòîÿíåí. 

3. Íà ýòàïå ïðîåêòèðîâàíèÿ íîæåé ôðåçåð-
íîãî êóëüòèâàòîðà äëÿ ïîëó÷åíèÿ ðàöèîíàëü-
íûõ ïàðàìåòðîâ öåëåñîîáðàçíî èñïîëüçîâàòü 

Òàáëèöà 2
Çíà÷åíèÿ êîýôôèöèåíòà çàïàñà ïî ïðî÷íîñòè n

Óãîë óñòàíîâêè 
ëåçâèÿ  Íàãðóçêà, Ð, Í Ìèíèìàëüíîå çíà÷åíèå ï Ìàêñèìàëüíîå çíà÷åíèå ï

60º

500 5,439 1000

1000 2,719 1000

1500 1,813 1000

2000 1,36 1000

35º

500 4,822 1000

1000 2,411 1000

1500 1,607 1000

2000 1,206 1000

Ðèñ. 10. Çíà÷åíèÿ êîýôôèöèåíòà çàïàñà ïðî÷íîñòè n 
â çàâèñèìîñòè îò íàãðóçêè Ð è óãëà óñòàíîâêè íîæà 
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ìåòîä êîíå÷íûõ ýëåìåíòîâ èç ïàêåòà áèáëèîòå-
êè ïðîãðàììû ÊÎÌÏÀÑ-3D. 

4. Ïî ðåçóëüòàòàì ìîäåëèðîâàíèÿ íàèáîëåå 
ïîäõîäÿùèì äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ 
îêàçàëñÿ ðàáî÷èé îðãàí, èìåþùèé óãîë óñòà-
íîâêè  = 60°. Ïàðàìåòðû íîæà îáåñïå÷èâàþò 
óñëîâèå ñêîëüçÿùåãî ðåçàíèÿ è ñíèæåíèå ýíåð-
ãîåìêîñòè ôðåçåðîâàíèÿ ïðè âûñîêîì êà÷åñòâå 
îáðàáîòêè ïî÷âû. 
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